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@ Monolithic integrated structure for a two-stage driving system with level translator circuit
component of the driving signal for power transistors.

@ The monolithic integrated structure comprises a
semiconductor substrate (1), a superimposed first
epitaxial stratum (2) having characteristics such as to
withstand a high supply voltage applied to the driv-
ing system and a first and a second insulation pock-
et (3, 4) which may be connected to a high voltage
and to ground, respectively, and diffused in said first
epitaxial stratum (2) at a distance such as to define
an interposed area (25) of said first stratum (2)
capable of insulating said insulating pockets (3, 4)
from one another. Within the latter pockets (3, 4),
@\l there are provided respective embedded strata (6, 7)
<L and superimposed regions (8, 9) of a second epitax-
jal stratum having characterstics such as to with-
@\l stand the low voltage applied across the two driving
L stages. A further region (5) of said second epitaxial
Lo stratum s superimposed over said area (25) of said
00 first epitaxial stratum (2). The above regions (8, 9) of
€ insulation pockets (3, 4) are designed for the forma-
¢ tion of two high and low voltage driving stages (DR1,
DR2), while the above further region (5) of the sec-
ond epitaxial stratum may be used for the formation
of a level translator circuit component (T3). Means
(20, 21; 22, 23) are provided for the protection of

said circuit component (T3) against high supply voi-
fages.
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Monolithic integrated structure for a two-stage driving system with level translator circuit component
of the driving signal for power transistors

The present invention relates to a monolithic
integrated structure for a two-stage driving system
with level translator circuit component of the driving
signal for power transistors, particuiarly for half-
bridge circuits.

In the field of power electronics the drive of
transistors in a half-bridge circuit subjected to high
voltages (about 500 voits) usually requires the use
of two driving stages, one of which, called "upper
stage”, can reach a substrate voltage referred to
ground equal to the high supply voltage, while the
other, defined "lower stage", may be supplied at a
lower voltage (say, from 10 to 15 volts).

In a driving system of this type, if.the control
signal is applied at the lower stage, it must be
possible to drive the upper stage as well by means
of the same signal or by a manipulation thereof.

An electrical connection must therefore be pro-
vided between the two stages which is capable of
transferring the driving signal from the lower stage
to the upper, and such electrical connection must
obviously be accomplished with a circuit compo-
nent (say, a transistor) capable of withstanding the
high voltage in question.

If it is desired to proceed to the integrated
accomplishment of the driving system on a single
chip, this is possible with the known art by utilizing
a high voltage technology on a semiconductor sub-
strate of type P. In this way, however, all the circuit
components of the system, including those sub-
jected to very low voltages such as the internal
components of the two driving stages, are manu-
factured so as to withstand high voltages. This is
uneconomical, as it is known that a component
accomplished with a high voltage technology oc-
cupies an area of semiconductor materiai which is
much greater than that of a component accom-
plished with a low voltage technology due to the
square dependance of size on operating voitage.

The object of the present invention is now to
accomplish a monolithic integrated structure for a
two-stage driving system with level franslator circuit
component of the driving signal for power fransis-
tors, which utilizes a low voitage technology for all
the components internai to the two driving stages.

According to the invention such object is ac-
complished with a monolithic integrated structure
characterized in that it comprises a semiconductor
substrate, a superimposed first epitaxial stratum
having characteristics such as to withstand a high
supply voitage applied to the driving system, a first
and a second insulation pocket implanted and dii-
fused in said first epitaxial stratum at a distance
such as to define an interposed area of said first
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stratum capable of insulating said insulating pock-
ets from one another and, within the latter, respec-
tive embedded strata and superimposed regions of
a second epitaxial stratum having characterstics
such as to withstand a low voltage applied across
the two driving stages, and a further region of said
second epitaxial stratum superimposed over said
area of said first epitaxial stratum, said regions of
said insulation pockets being designed for the for-
mation of the two driving stages, respectively, and
said further region being designed for the formation
of the level translator circuit component, there be-
ing provided means for the protection of said cir-
cuit component against the high supply voliage.

There is thus accomplished a monolithic in-
tegrated structure, which allows the level translator
circuit component to withstand the high voltages to
which it is subjected and, at the same time, permits
the formation of the internal components of the two
driving stages with a low voltage technology. The
latter thus have a reduced size and the monolithic
structure is consequently compact and inexpen-
sive.

Some possible embodiments of the present
invention are iilustrated for greater clarity, merely
as an example, in the enclosed drawings, wherein:

Fig. 1 shows the circuit diagram of a two-
stage driving system with bipolar components for a
half-bridge circuit with type IGBT power transistors,
the upper being a p-channei type, the lower an n-
channel type;

Fig. 2 shows the circuit diagram of a similar
driving system accomplished with MOS compo-
nents;

Fig. 3 shows the circuit diagram of a two-
stage driving system with bipolar components for a
half-bridge circuit with type IGBT power transistors,
both of the n-channel type;

Fig. 4 shows the circuit diagram of a similar
driving system accomplished with MOS compo-
nents;

Fig. 5 shows a schematic cross-sectional
view of the essential part of a monolithic integrated
structure according to the invention, which accom-
plishes a circuit diagram with bipolar components
of the type illustrated in Fig.s 1 and 3;

Fig. 6 shows a further cross-sectional view,
but on an enlarged scale and in greater detail, of
the central part of the structure of Fig. 5, where
there is formed a level translator circuit component
interposed between the two driving stages;

Fig. 7 shows a schematic cross-sectional
view of the essential part of a monolithic integrated
structure according to the invention, which accom-
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plishes a circuit diagram with MOS components of
the type illustrated in Fig.s 2 and 4;

Fig.s 8 and 9 show a plan view from above
and a cross-sectional view taken along the line IX-
IX of Fig. 8, respectively, of the central part of a
different embodiment of a monolithic integrated
structure according to the invention for circuit dia-
grams having bipolar components.

There is shown in Fig. 1 a half-bridge circuit
formed by two power transistors T1 and T2 con-
nected in series between a high voltage power
supply Vcc (say, 500 volts) and ground. Output U
of the half-bridge is obtained by an intermediate
branch point between transistors T1 and T2. In the
illustrated example, the latter are constituted by
two IGBT (Insulated Gate Bipolar Transistors) tran-
sistors of the p-channel and n-channel types, re-
spectively.

The gate drive of the two power transistors T1
and T2 is provided by respective upper and lower
driving stages DR1 and DR2 formed by bipolar
components variously arranged, for the DR1 stage,
between an upper line L1M at a higher voltage
connected to the Vcc power supply and a lower
line Lim at a lower voltage and, for the DR2 stage,
between an upper line L2M at a higher voltage and
ground.

Externally to the two driving stages DR1 and
DR2, a zener diode Z1 connects line L1M to line
Lim, a resistance R connects line L1m to line L2M
and a zener diode Z2 connects line L2M to ground.

The lower driving stage DR2 has an input | for
a suitable driving signal. A transistor T3 is con-
nected between the two driving stages DR1 and
DR2 to operate the level translation of the driving
signal from the lower stage DR2 to the upper stage
DR1.

Due to the effect of the described structure the
upper driving stage DR1 is driven directly by the
high voltage Vcc and the circuit components inside
such stage are subjected to a maximum voltage
across their terminals which is less than or equal to
the zener voltage V1 of zener diode Z1 (for exam-
ple, V1 = 12 voits).

The current absorbed by the upper stage DR1
passes mainly through resistance R and goes to
supply the lower stage DR2, whose maximum sup-
ply voltage is less than or equal to the zener
voltage V2 of zener diode Z2 (for example, V2 =
12 volts).

A small part of the current also passes through
transistor T3, which must obviously be capable of
withstanding the high voltage between terminal Vcc
and ground. Modulation of the current flowing
through T3 allows the desired level transiation be-
tween lower stage DR2 and upper stage DR1.

Resistance R also withstands a high voltage,
equal to Vcc - (V1 + V2).
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The general diagram of the driving system of
Fig. 2 is similar to that of Fig. 1, since the two
power transistors T1 and T2 have remained iden-
tical. The only change is the type of internal com-
ponent utilized for the two driving stages DR1 and
DR2, which this time is of the MOS type. The
external connections of the driving stages and the
mode of operation of the entire system remain
unaltered.

Fig. 3, however, shows a half-bridge circuit
wherein the two power transistors T1 and T2 are
both of the n-channel IGBT type. The diagram of
the internal circuit of the upper driving stage DR1
has remained identical to that of Fig. 1 and that of

“thw lower driving stage DR2 has changed very

little, but the upper line L1M of upper stage DR1 is
now supplied by a battery B through a diode D1
and is connected {o the lower line L1m of the same
stage DR1 through a bootstrap capacity G, and the
upper line L2M of lower stage DR2 is supplied
directly by battery B.

In this case the upper stage DR1 is thus sup-
plied with a voltage V1 = VB - VBED1, where VB
is the voltage produced by battery B and VBED1 is
the voltage drop across diode D1. The lower stage
DR2 is in turn supplied by a voltage V2 = VB. The
upper stage DR1 is floating and follows the voltage
at output U. Line L1M varies between Vcc + V1
and V1, but the voitage V1 across stage DRI
remains equal fo VB - VBED1.

This implies that the level translator transistor
T3 is subjected to a voltage variable between Vcc
+ V1 and ground. This is another case wherein it
must also be able to withstand high voltages.

The general diagram of the driving system of
Fig. 4 finally reproduces that of Fig. 3, but utilizing
MOS type integrated components as in the case of
Fig. 2. The external connections of the driving
stages and the mode of operation of the system
remain unaltered.

With the present invention it is possible to
integrate the two driving stages DR1 and DR2 and
the level translator transistor T3 of any and all of
the driving systems shown as an example in Fig.s
1-4, as well as of any other driving system for
power transistors included in a half-bridge circuit,
in a single monolithic structure, that is, on a single
chip, which includes the two driving stages in parts
accomplished with a low voitage technology and
the level translator transistor in a part accomplished
with a high voltage technology.

Fig.s 5 and 6 refer to the monolithic integrated
structure of the driving systems having bipolar
components illustrated in Fig.s 1 and 3.

The above figures show a substrate 1 of silicon
of type N", on which there is superimposed a first
epitaxial stratum 2 of type N~ having characteris-
tics such as to withstand the maximum power
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supply voltage applied to the driving system (say,
500 volts).

On the epitaxial stratum 2 there have been
implanted and diffused two separate insulation
pockets 3 and 4 arranged at a distance "d" such
as to define an interposed area 25 of the epitaxial
stratum 2. The above distance and the doping of
area 25 are selected so as to insulate said insula-
tion pockets 3 and 4 from one another.

Inside insulation pockets 3 and 4 there are
implanted respective embedded strata 6 and 7 of
type N, on which there have been grown respec-
tive regions of epitaxial strata 8 and 9 having
characteristics such as to withstand the low volitage
(say, 20 volts) applied across the two driving
stages DR1 and DR2. A similar region of epitaxial
stratum 5 has been grown over region 25 of epitax-
jal stratum 2.

The two low-voltage epitaxial regions 8 and 9
are designed for the formation of the internal com-
ponents of the two driving stages DR1 and DR2,
respectively.

Insulation pocket 3 is connected to a terminal
10 coincident with the lower line Lim of the upper
driving stage DR1 and insulation pocket 4 is con-
nected to ground.

During the formation of the internal compo-
nents of the two driving stages, which is accom-
plished with techniques known in themselves, there
is also accomplished, again with known techniques,
the level franslator ftransistor T3, provided with
base 11, with emitier 12 and with collector 13
regions. The base and emitter regions of transistor
13 are connected to the lower stage DR2 and the
collector region of the same transistor T3 is con-
nected to the upper stage DR1 at a point such as
to exclude the conduction of diode D2 formed by
insulation pocket 3 and the epitaxial strata 25 and
5. Incidentally, that shown in Fig. 5 must be consid-
ered merely as a non-limiting example.

The different connections are accomplished by
means of electrical contacts 14 passing through an
upper stratum 15 of silicon oxide.

As shown in Fig. 6, insulation pocket 4 of the
low voltage driving stage DR2 is, in effect, provided
with lateral superficial extensions 20 and 21, with
doping P~ and P~, respectively, which are im-
planted in the epitaxial stratum 5 and completely
surround the pocket itself in the way of rings. Said
extensions or rings 20 and 21 have the task of
holding the voltage of epitaxial stratum 5 with re-
spect to insulation pocket 4 with a ground potential,
modifying the lines of the electrical field in the
above epitaxial stratum and thus avoiding the
breakage of the N-P junction between area 5 and
the adjacent area 19 of insulation pocket 4. In the
absence of rings 20 and 21 breakage would occur
at a voltage which is lower than that applied to the
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device.

The same Fig. 6 also shows that the base
region 11 of fransistor T3 is also provided with
extensions or rings 22 and 23, whose object is to
modify the lines of the electrical field in the epitax-
ial stratum 5 and avoid the breakage of the N-P
junction between area 5 and area 11.

Fig. 7 in turn refers to the monolithic integrated
accomplishment of the driving systems having
MOS components illustrated in Fig.s 2 and 4.

The differences with respect to the structure of
Fig. 5 are very slight and conceptually nonexistent.
Simply, as is obvious, there are provided floating
gates 16 for the different MOS components. The
detail of Fig. 6 is also fully applicable to Fig. 7.

it should be noted that Fig.s 5 and 6 obviously
show only a part of the entire monolithic integrated
structure which accomplishes the circuits of Fig.s
1-4, more precisely that referring to transistor T3
and to the adjacent extremities of driving stages
DR1 and DR2. The remaining part, referring to the
driving stages, is in effect considered tobe known
art, with no inventive content to it.

Fig.s 8 and 9 show a variant of the structure of
Fig. 8, which has the base 11 and the emitter 12
regions of transistor T3 again arranged outside the
insulation pocket 4 but inside the protection rings
20 and 21 which circumscribe the low voltage
driving stage DR2. In this case fransistor T3 is
without its rings 22 and 23 as their protective
function is carried out by rings 20 and 21.

That shown in Fig.s 8 and 9, with transistor T3
at the periphery of the area of stage DR2, is a
currently preferred embodiment of the present in-
vention. This does not, however, mean that transis-
tor T3 may not be located in a different position,
say between one stage and the next as in Fig.s 5-7
or in a more central position of driving stage DR2
or again at any point on the chip. It cannot, on the
other hand, be located inside driving stage DR1
because it would be unable to withstand the high
voltages in play.

it should finally be noted that, whereas up to
now monolithic integrated structures have been de-
scribed based on components of the bipolar or
MOS type, it is also possible to provide for the
accomplishment of mixed structures with both bi-
polar and MOS compaonents.

Claims

1. Monolithic integrated structure for two-stage
driving systems with level translator circuit compo-
nent of the driving signal for power transistors,
characterized in that it comprises a semiconductor
substrate (1), a superimposed first epitaxial stratum
(2) having characteristics such as to withstand a
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high supply voltage applied to the driving system,
a first and a second insulation pocket (3, 4) im-
planted and diffused in said first epitaxial stratum
(2) at a distance such as to define an interposed
area (5) of said first stratum (2) capable of insulat-
ing said insulating pockets (3, 4) from one another
and, within the latter, respective embedded strata
(6, 7) and superimposed regions (8, 9) of a second
epitaxial stratum having characterstics such as to
withstand a low voltage applied across the two
driving stages, and a further region (5) of said
second epitaxial stratum superimposed over said
area (25) of said first epitaxial stratum, said regions
(8, 9) of said insulation pockets (3, 4) being de-
signed for the formation of the two driving stages
(DR1, DR2), respectively, and said further region
(5) being designed for the formation of the level
transiator circuit component (T3), there being pro-
vided means (20, 21; 22, 23) for the protection of
said circuit component (T3) against the high supply
voltage.

2. Monolithic integrated structure according to
claim 1, characterized in that said eircuit compo-
nent (T3) is accomplished outside the areas of said
driving stages (DR1, DR2) and said protection
means (20, 21; 22, 23) are constituted by lateral
superficial annular extensions (22, 23) of said cir-
cuit component (T3).

3. Monolithic integrated structure according to
claim 1, characterized in that said circuit compo-
nent (T3) is accomplished inside the areas of said
low voltage driving stage (DR2), and said protection
means (20, 21; 22, 23) are constituted by lateral
superficial annular extensions (20, 21) of insulation
pocket (4) of said low voltage stage (DR2).

4. Monolithic integrated structure according to
claim 3, characterized in that said circuit compo-
nent (T3) is accomplished at the periphery of said
low voltage stage (DR2), in the proximity of said
lateral extensions (20, 21).

5. Monolithic integrated structure according fo
claim 1, characterized in that said substrate (1) is
formed by silicon of the type N

6. Monolithic integrated structure according to
claim 1, characterized in that the insulation pocket
(3) of the upper driving stage (DR1) is connected to
a terminal (10) coincident with the lower line at a
lower voltage (L1m) of said upper stage (DR1).

7. Monolithic integrated structure according to
claim 1, characterized in that the insulation pocket
(4) of the lower driving stage (DR2) is connected to
ground.

8. Monolithic integrated structure according to
claim 1, characterized in that said level translator
transistor (T3) is of the bipolar type.

9. Monoalithic integrated structure according to
claim 1, characterized in that said level transiator
transistor (T3) is of the MOS type.
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10. Monolithic integrated structure according to
claim 1, characterized in that said level translator
transistor (T3) has its collector connected to said
upper stage (DR1) so as to exclude a conduction
from diode (D2) between insulation pocket (3) of
upper stage (DR1) and said epitaxial strata (2, 5)
outside the pockets themselves.

11. Monolithic integrated structure according to
claim 1, characterized in that said driving stages
(DR1, DR2) are accomplished with integrated com-
ponents of the bipolar type.

12. Monolithic integrated structure according to
claim 1, characterized in that said driving stages
(DR1, DR2) are accomplished with integrated com-
ponents of the MOS type.

13. Monolithic integrated structure according to
claim 1, characterized in that said driving stages
(DR1, DR2) are accomplished with integrated com-
ponents of the mixed MOS and bipolar types.
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